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Disclaimer

Recovery Plans delineate reasonable actions that are believed to be required to recover and/or
protect listed species. We, the U.S. Fish and Wildlife Service, publish recovery plans,
sometimes preparing them with the assistance of recovery teams, contractors, State agencies, and
others. The necessary funds to attain objectives identified in a recovery plan are subject to
budgetary and other constraints affecting the parties involved, as well as the need to address
other priorities. Recovery plans do not necessarily represent the views nor the official positions
or approval of any individuals or agencies involved in the plan formulation, other than our own.
They represent our official position only after they have been signed by the California/Nevada
Operations Office Manager, Regional Director, or Director as approved. Approved recovery
plans are subject to modification as dictated by new findings, changes in species status, and the
completion of recovery tasks.

Literature citation should read as follows:

U.S. Fish and Wildlife Service. 2003. Final Revised Recovery Plan for the Southern Sea Otter
(Enhydra lutris nereis). Portland, Oregon. xi + 165 pp.

Additional copies may be purchased from:

Fish and Wildlife Reference Service
5430 Grosvenor Lane, Suite 110
Bethesda, MD 20814

telephone: 301/492-6403 or 800/582-3421

fax: 301/564-4059

e-mail: fwrs@fws.gov

http://fa.r9.fws.gov/r9fwrs/

Fees for plans vary depending on the number of pages.

An electronic version of this recovery plan will also be made available at
http://www.rl.fws.gov/ecoservices/endangered/recovery/default.htm
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Preface

The southern sea otter (Enhydra lutris nereis) is listed as threatened under the Endangered
Species Act of 1973, as amended, and is therefore also recognized as depleted under the Marine
Mammal Protection Act of 1972, as amended. The general goal of the Endangered Species Act
is to recover listed species until they are no longer in danger of extinction, or likely to become so
in the foreseeable future. Under the Marine Mammal Protection Act, Federal agencies are
charged with managing marine mammals to their optimum sustainable population level (i.e.,
maximizing net productivity of the population). For the sea otter, the optimum sustainable
population level is believed to be greater than the population level needed for recovery under the
Endangered Species Act. We (the U.S. Fish and Wildlife Service) formed a Southern Sea Otter
Recovery Team (Recovery Team) and finalized a recovery plan for the species in 1982. In 1989,
we reconvened the Recovery Team and asked them to review and recommend changes to the
existing recovery plan.

A draft revised recovery plan for the southern sea otter was completed in 1991. The 1991 draft
plan recommended the threshold for delisting under the Endangered Species Act be made
equivalent to the lower limit of the optimum sustainable population level under the Marine
Mammal Protection Act, which was then believed to be a population size of 5,400 animals with a
range extending from Point Conception, California, to the Oregon border. The Recovery Team
made this recommendation because they lacked information to quantify particular risks, such as
that of major oil spills, to the sea otter population. The recommendation was controversial,
however, and the 1991 draft plan was never finalized.

Based on public comments received on the 1991 draft revised recovery plan, the Recovery Team
adopted a different approach, population viability analysis (see Soulé 1987), to develop objective
delisting criteria for the species as required by the Endangered Species Act. This approach
required information on the probability of an oil spill occurring within the range of the southern
sea otter, the likelihood of a spill of a particular size occurring, and the expected level of
mortality associated with an oil spill event of a particular size. Between 1992 and 1995, we
responded to the Recovery Team's need for information by contracting with experts to model oil
spill scenarios and evaluate risk to sea otters (see Appendices B and C). In determining a course
of action to recover the southern sea otter, we used the best available scientific information as a
standard. We assembled a diverse group of stakeholders as technical consultants to review and
comment on the recovery criteria and objectives developed by the Recovery Team.

We and the Recovery Team completed the second revised draft of the recovery plan in early
1995. The draft was released for public comment in July 1996. Two significant findings were
reported after release of the draft revision. First, the number of dead sea otters stranded on the
beach increased significantly from previous years. This increase in dead strandings coincided
with a decline in southern sea otter population counts starting about 1995 and continuing through
1999. Second, large numbers of sea otters were reported near Point Conception at the southern
end of the range.



As of July 1996, we and the Recovery Team believed that a major oil spill occurring within the
sea otter’s range remained the primary factor determining the likelihood of otters persisting in
California. Therefore, we identified two approaches that would lead to delisting the southern sea
otter under the Endangered Species Act: 1) increasing the range of sea otters in California to
lessen the risk of a single oil spill event reducing the otter population below a viable level, and
2) decreasing the likelihood of a major oil spill event within the sea otter’s range. We based our
approach for recovering the species on the premise that, while much progress has been made to
reduce the risk to sea otters in California posed by an oil spill, it is not possible to eliminate or
reduce the likelihood of a major oil spill sufficiently to consider delisting this population at its
1996 abundance and distribution.

Because of the nature and magnitude of public comments on the 1996 draft revised recovery
plan, we requested that the Recovery Team review and make recommendations on the plan a
third time. Another draft was released to the public in January 2000. Public comments were
reviewed by the Recovery Team in January 2001, and changes based on these comments are
incorporated into this final plan. As part of our response to these comments, we asked the
Recovery Team to complete a trend analysis to determine the population size that would be
robust enough for us to detect a declining trend in abundance reliably prior to the population
reaching the threshold for endangered status. In April 2002, we solicited comments from peer
reviewers on the methodology used in the trend analysis. These comments are included in
Appendix E.

We and the Recovery Team recognize that once the range and number of otters increase
sufficiently, or the likelihood of an oil spill event to the otter population decreases to a level yet
to be quantified, the southern sea otter will be considered for delisting under the Endangered
Species Act. Prior to delisting we must review five listing factors: 1) the present or threatened
destruction, modification, or curtailment of habitat; 2) overutilization for commercial,
recreational, scientific, or educational purposes; 3) disease or predation; 4) inadequacy of
existing regulatory mechanisms; and 5) other natural or man-made factors affecting the
population’s continued existence. Our findings, if supportive of delisting, will be published in
the Federal Register as a proposed rule to delist the southern sea otter along with a solicitation of
public comments. After reviewing comments received, we will publish our final decision.

In addition, the southern sea otter will continue to be protected under the Marine Mammal
Protection Act after its removal from the List of Endangered and Threatened Wildlife (i.e.,
delisting under the Endangered Species Act); sea otter surveys are expected to continue under
administration of the Marine Mammal Protection Act. Furthermore, at present the southern sea
otter is automatically treated as a depleted population under the Marine Mammal Protection Act
because it is listed under the Endangered Species Act. Based on recent analyses of sea otter
carrying capacity (Laidre ef al. 2001), we currently estimate the lower limit of the optimum
sustainable population to be approximately 8,400 individuals. Consequently, after delisting the
population will still be below its optimal sustainable population level (thus still qualifying for
depleted status), and we will likely initiate or be petitioned to initiate the process of formally
designating this population as depleted under the Marine Mammal Protection Act.
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In preparing this recovery plan, the Recovery Team has principally cited peer-reviewed
literature, as opposed to what is often referred to as “gray literature.” Requests for additional
information on the details of this plan for recovering the southern sea otter or our justification for
specific conclusions should be directed to the U.S. Fish and Wildlife Service. Questions on sea
otter biology and management in California should be directed to the U.S. Fish and Wildlife
Service, the California Department of Fish and Game, or other organizations that have been
active in discussions related to the classification of the southern sea otter as threatened under the
Endangered Species Act.
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Executive Summary

Current Species Status: The southern sea otter (Enhydra lutris nereis) population presently
contains about 2,150 animals and ranges between Half Moon Bay and Point Conception along
the coast of central and southern California. Range-wide population counts declined at a rate of
approximately 5 percent per year between 1995 and 1999, although this declining trend has been
less certain in recent years. The translocated colony at San Nicolas Island contains about 27
individuals, including pups. Although more than 70 births are known to have occurred at San
Nicolas Island from 1987 to 2002, the population size has remained small and its future
prospects are uncertain.

The main threats to the southern sea otter are habitat degradation (including oil spills and other
environmental contaminants) and human take (including shooting, entanglement in fishing gear,
and harassment). Oil spills, which could occur at any time, could decimate the sea otter
population. The reasons for the recent decline in abundance are unknown, but it may be in part
related to one or more of the following factors: 1) infectious disease resulting from increased
immune deficiencies or elevated parasite and pathogen exposure; 2) incidental mortality caused
by commercial fishing activities; or 3) food resource limitation.

Habitat Requirements and Limiting Factors: Sea otters occupy hard- and soft-sediment
marine habitats from the littoral zone to depths of less than 100 meters (330 feet), including
protected bays and exposed outer coasts. Most individuals occur between shore and the
20-meter (65-foot) depth contour.

The southern sea otter population was exploited to near extinction from an estimated historical
population (in California) of approximately 16,000 animals (Laidre ef al. 2001). Since the early
1970s, population counts have ranged between 1,250 and 2,300 animals. Population counts
declined from the mid-1970s to the early 1980s, then increased from the mid-1980s to the mid
1990s. There was little range expansion during the latter period. Between 1995 and 1999,
population counts declined, but the population’s range expanded both to the south and the north.
The current population status is less certain, with recent counts being relatively stable. The
decline from the mid 1970s to the early 1980s apparently resulted from entanglement mortality
in fishing gear. Once the entanglement problem was identified and rectified through State
regulations, the population immediately began to increase again. The cause of the recent decline
remains uncertain. In the 20th century, the southern sea otter population never increased at the
species’ maximum potential of 17 to 20 percent per year, although this rate of increase is typical
of recovering populations in Washington, British Columbia, and Alaska (Estes 1990a).

The depressed population growth rate for the southern sea otter population is largely due to
elevated mortality, as opposed to reproductive depression or emigration. Infectious disease is
the single most important known cause of mortality. Other known sources of mortality include
shark attacks, shooting, entanglement in fishing gear, and starvation. These sources of mortality
are rare or absent in growing sea otter populations in Washington, Canada, and parts of Alaska.
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Recovery Objective: Our recovery objective for the southern sea otter is to manage human
activities that may jeopardize the continued existence of the species or damage or destroy habitat
critical to its survival such that the species recovers to the point where it can be removed from
the List of Endangered and Threatened Wildlife. Because the population is currently not
increasing, it is not possible to predict if or when the species will be considered recovered under
the Endangered Species Act. To remove its designation as a depleted population under the
Marine Mammal Protection Act, the population would likely have to increase further (after
delisting under the Endangered Species Act) to reach its optimal sustainable population level
(equivalent to 50 to 80 percent of its current carrying capacity). The lower bound of the optimal
sustainable population level is approximately 8,400 animals for the entire California coast, based
on estimated historic population levels.

Recovery Criteria: The Endangered Species Act specifically lists five factors that must be
considered in evaluating the status of a listed or candidate species. The following criteria were
developed to provide guidance on when reclassification is appropriate. Prior to delisting the
southern sea otter or changing its status to endangered, we must undertake a formal review of all
five factors, and a summary of that review must be made available to the public for comment. A
final determination on classification is based on the initial evaluation of the five original listing
factors and public comments.

ENDANGERED: The southern sea otter population should be considered for
reclassification as endangered under the Endangered Species Act if the population
declines to a level fewer than or equal to an effective population size of 500 animals
(Mace and Lande 1991). Until better information is available, we recommend using a
multiplier of 3.7 to convert effective population size to actual population size (Ralls et al.
1983), or 1,850 animals. Therefore, the southern sea otter population should be
considered endangered if, based on standard survey counts (i.e., spring surveys), the
average population level over a 3-year period is fewer than or equal to 1,850 animals.

THREATENED: The southern sea otter population should be considered threatened
under the Endangered Species Act if the average population level over a 3-year period is
greater than 1,850 animals, but fewer than 3,090 animals.

DELISTED: The southern sea otter population should be considered for delisting under
the Endangered Species Act when the average population level over a 3-year period
exceeds 3,090 animals.

Actions Needed:

. Monitor southern sea otter demographics and life history parameters to determine
population size, rate of change, and distribution. Evaluate supporting habitat for changes
in types, abundance, distribution, and use (e.g. resting, haul out, feeding, breeding, natal
area, peripheral feeding/resting areas, offshore areas) and changes in its estimated
carrying capacity by mapping habitat types.
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. Protect the population and reduce or eliminate the identified potential limiting factors
related to human activities, including: managing petroleum exploration, extraction, and
tankering to reduce the likelihood of a spill along the California coast to insignificant
levels; minimizing contaminant loading and infectious disease; and managing fishery
interactions to reduce sea otter mortality incidental to commercial fishing to insignificant
levels.

. Conduct research to understand the factor, or factors, limiting the current growth rate of
the California population and refine recovery goals from which management actions can
be identified and implemented.

. Evaluate failure criteria for the translocation program to determine if the experimental
population at San Nicolas Island has met one or more failure criteria and whether
continuation of sea otter containment may jeopardize the sea otter population or hinder
recovery.

Estimated Cost of Recovery: The total estimated cost of recovery over 20 years is
$10,219,700, plus additional costs that are yet to be determined.

Date of Recovery: Delisting may be considered when the population reaches the delisting
criterion of 3,090 individuals. If the population immediately achieved and maintained an annual
growth rate of 5 percent (the historic maximum for the California population), it could reach the
delisting criterion in approximately 10 years. However, given that the population is currently
not increasing, and that the reasons for the lack of increase have so far neither been clearly
identified nor remedied, it is not yet possible to predict a likely time to recovery.
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I. Introduction

We (the U.S. Fish and Wildlife Service)
approved the first southern sea otter
recovery plan in 1982. Since that time there
have been numerous additions to our
knowledge about the species and several
important developments that pertain to
conservation and management of the
southern, or California, sea otter
population." New information obtained
through the 1980s is summarized in a
detailed species account (Riedman and Estes
1990). A comprehensive summary of
information obtained since 1990 on the
southern sea otter is not available, although
Estes et al. (2003) provide a summary of
trends in abundance, reproduction, and
mortality through 1999. In 1989, we
reconvened the Southern Sea Otter
Recovery Team (Recovery Team) to review
and recommend changes to the existing
recovery plan. Based on comments from the
Recovery Team, we prepared a draft revised
recovery plan and, in August 1991, solicited
comments from constituent groups and the
general public. A second draft revised
recovery plan, released in 1996,
incorporated many of the comments that we
received on the August 1991 revision. A
third draft revised recovery plan, which
incorporated new information, was released
in January 2000 for public comment. This
final revised plan, like the previous drafts,
was prepared by us based on
recommendations from the Recovery Team.

1 . .
The terms “southern sea otter,” “California sea

otter,” and “California population of sea otters” have
been used interchangeably in the past, and we use
these terms interchangeably throughout this

document.

It is important to note that 1) recovery teams
are expected to provide advice on needed
recovery actions based solely on biological
and ecological considerations; 2) recovery
plans that we develop and adopt are not
regulatory documents and do not require the
cooperating parties to implement recovery
actions; and 3) implementation of recovery
actions by us or another lead agency may
require additional analysis of environmental
and social impacts under the National
Environmental Policy Act or California
Environmental Quality Act.

The southern sea otter has a recovery
priority of 9C. This designation indicates
that the southern sea otter is regarded as a
subspecies with a moderate level of threat
but a high potential for recovery. The “C”
in the priority designation indicates that
recovery of the species may be in conflict
with development projects or activities.
Specifically, the recovery of the southern
sea otter under the Endangered Species Act
could potentially conflict with several State-
managed fisheries in California, as well as
with the transport and extraction of oil and
natural gas products along the coast of
California.

A. Systematics

A comprehensive study of geographical
variation in cranial morphology of the sea
otter was done under the U.S./U.S.S.R.
Agreement on Cooperation in the Field of
Environmental Protection (Project 02.05-61,
Marine Mammals). This study provides the
strongest evidence to date that the California
population should be afforded subspecific
status (Enhydra lutris nereis) (see Wilson et
al. 1991). Recent molecular studies indicate
that the southern sea otter population has
monophyletic mitochondrial DNA and



several unique mitochondrial DNA
haplotypes (i.e., unique genetic components)
when compared to the Alaskan populations
(Sanchez 1992, Cronin ef al. 1996).

B. Ecology

1. Distribution and Abundance. The most
recent published accounts of the distribution
and abundance of the species (Enhydra
lutris) are provided by Rotterman and
Simon-Jackson (1988) and Estes (1992).
This information is now more than a decade
old and was published before the significant
population changes of the 1990s occurred.

Following near-extinction because of
exploitation during the 18th and 19th
centuries, sea otters were legally protected
from take in 1911 through the International
Fur Seal Treaty. Because of subsequent
population increases, sea otters have
recolonized most of the available habitat
through the Kuril Islands, Kamchatka
Peninsula, and across the North Pacific rim
to about Prince William Sound. Populations
had recovered to levels at or near carrying

capacity throughout much of this region by
the late 1980s. However, during the 1990s
the number of otters declined precipitously
over large areas of western Alaska (Estes et
al. 1998). The average rate of decline in this
region has been about 17 percent per year,
for a total population reduction of perhaps
80 to 90 percent in many areas (Doroff et al.
2003). The likely cause of these declines is
predation by killer whales (Estes ef al.
1998). Thus, whereas the world population
of sea otters was thought until recently to be
well in excess of 100,000 individuals, the
current total is probably much less. The
most recent information indicates that
population has declined to a common, low
density, at least through the Aleutian
archipelago (Doroff et al. 2003).

The historical range of the species
southeastward from Prince William Sound
to central Baja California remains
uninhabited except for translocated colonies
in southeast Alaska, British Columbia, and
Washington, the remnant population in
central California, and the translocated
colony at San Nicolas Island (Figure 1).

=

Northern Sea Otter
Enydra lutris lutris

il =
Jaﬂﬂg [\ ?E—_’:“‘\

[ Cument Distribution - Southern Subspecies
I I Historical Distribution of All Subspecies

}Current Distribution - Northem Subspecies

Tt _:“‘\._.—— e a . L=
foomds e il
e ‘h"--,}_ F'F.;\S.:
RUSSIA o <
Bt T ,f";%

Northern Sea Otter
Enydra lutris kenyoni

A
e ) &_ﬁ-1)*\;;._, ..__‘_‘_‘f‘;_;:;
CANADA

Translocated| \& &
Populations = o,
Enydra lutris kenyoni

Southern Sea Otter
Enydra lutris nereis

Figure 1. Historical range of the sea otter.



The translocated colonies in southeast
Alaska, British Columbia, and Washington
increased at rates of 17 to 20 percent per
year through the 1980s (Estes 1990a).
Unpublished information from periodic or
occasional ongoing surveys of these
populations indicates that these increases are
continuing.

Information on the distribution and
abundance of sea otters in California prior to
1990 is summarized by Riedman
and Estes (1990). Although
both range and numbers have
increased during the 20th
century, these variables are not
well correlated. In particular,
whereas population abundance
has declined during several
periods, distribution evidently
has not retracted during these {
periods. i

|
Paint Sur®

San Francisco’
Point Montara
Halfmoon Bay [

|

Point Afio Nuevo\\k'

Waddell Creek b

Range delineation is somewhat
arbitrary because individuals
frequently wander well beyond
the distributional limits of most
of the rest of the population.
Nonetheless, it is clear that the
geographic range of the southern
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occurred from about Bixby
Creek in the north to Pfeiffer
Point in the south. As the
southern sea otter population
increased during the following
decades, range expansion to the
south was always more rapid
than it was to the north. By the
late 1980s, the range of the
southern sea otter had increased
to include the area between
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commonly seen as far south as Point
Arguello, and in 1998 a substantial number
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Conception (Figure 2).
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Population abundance of the southern sea
otter has steadily increased throughout the

20th century, except during two periods
(Appendix A). By 1976, the population

numbered an estimated 1,789 individuals.
However, this estimate had declined to
1,443 by 1979, and to 1,372 by 1984.

Standardized range-wide counts were
initiated in 1982. Surveys are done during
spring and fall, but the spring surveys have
traditionally been used to assess population
status because they are both consistently
higher than fall surveys in a given year and
less variable among years. The number of
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Figure 3. Total number of sea otters counted from 1982 through 2002 during spring
surveys. Source: U.S. Geological Survey (2002) http://www.werc.usgs.gov
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animals counted during
the spring surveys
remained essentially
constant between 1982
and 1985, but thereafter
the population steadily
increased until 1995,
when 2,377 otters were
counted (Figure 3).
However, in each of 4
successive years (1996,
1997, 1998, and 1999),
the total number of
animals counted
progressively declined,
to a low of 2,090 in
1999. This declining
trend was evident in
both the yearly counts
(Figure 3) and in the
same data plotted as 3-
year running averages
(Figure 4). Use of a
running average is
intended to reduce year-
to-year vagaries in any
given count, thereby
emphasizing overall
trends. Recent spring
surveys (conducted in
2000, 2001, and 2002)
counted 2,317, 2,161,
and 2,139 otters,
respectively. These
most current data
suggest that the
population is relatively



stable; however, it is unclear whether the
declining trend has actually been arrested.

2. Biology. The sea otter is the largest
member of the family Mustelidae and the
smallest species of marine mammal in North
America. As one of the few marine
representatives of the order Carnivora, the
sea otter evolved to inhabit a narrow
ecological zone, adapting to the nearshore
ecosystem and preferring rocky shoreline
with kelp beds. Body size varies among
populations. Adult sea otters average about
30 kilograms (65 pounds) for males and 20
kilograms (45 pounds) for females; average
lengths are about 135
centimeters (4.5 feet)
and 125 centimeters
(4 feet) for males and
females, respectively.
Forepaws are padded,
have claws, and are
used in feeding and
grooming. Hind
limbs are posteriorly
oriented and flipper-
like for swimming.
The tail is less than
one-third the body
length and of uniform
thickness from base
to tip.

The pelage consists
of sparse guard hairs and dense underfur.
Underfur density may reach 100,000 or
more follicles per square centimeter
(650,000 per square inch). Color varies
from dark brown to reddish brown, and in
older individuals the head, neck, and
shoulders often become grizzled. There is
little subcutaneous fat and no layer of
blubber for energy storage and thermo-
insulation as in pinnipeds (seals) and

cetaceans (whales). Insulation from cold sea
water is provided entirely by air trapped in
the fur. The general biology of the sea otter
is reviewed in detail by Riedman and Estes
(1990).

3. Food Habits. Sea otters eat numerous
species of invertebrates (Figure 5) and, in
some areas (e.g., Alaska), fishes. By
comparing neighboring long-established and
recently-established populations from
several locations in the North Pacific Ocean,
Estes et al. (1981) concluded that dietary
diversity increased with increased
population density and the presumed

Figure 5. Sea otter eating crab. Photo by J. G. Hall, from Mammal Images Library,
American Society of Mammalogists. Used by permission.

increase in competition for food. This
finding was thought to be consistent with
optimal foraging theory because sea otters
are known to reduce the abundance of their
most profitable prey. However, more recent
studies have shown that while there is high
variation between the diets of individual sea
otters in California, the diet of any particular
individual typically consists of only several
main prey types (Lyons 1989, Riedman and



Estes 1990, Estes et al. in press). Due to
reductions in invertebrates and the
consequent enhancement of kelp beds and
some kelp-associated fishes that follow the
recovery and growth of sea otter
populations, individual otters from several
long-established populations in Alaska and
Russia consume large quantities of fish.
These interactions enhance production
(Duggins et al. 1989) and may actually
increase the equilibrium density (the density
of sea otters when a state of equilibrium
amongst habitat components exists) of sea
otter populations (Estes 1990a). As sea otter
populations declined in western Alaska
during the 1990s, kelp forest fishes became
rare or absent in the diets of local
populations (Watt et al. 2000, Estes and
Tinker, unpubl. report).

Activity budgets (activity patterns and the
amount of time allocated to various
activities) have been proposed as indicators
of population status (Estes et al. 1982, 1986)
based on comparative diurnal observations
of high- and low-density populations. This
indicator is based on the assumption that as
growing populations reduce the abundance
of their preferred prey, the time required for
individuals to achieve their nutritional needs
should increase. However, sea otters also
feed at night (Loughlin 1979, Garshelis
1983), and there is extensive variation in the
activity of individuals both among and
within age and sex classes (Ralls and Siniff
1990). Thus, the utility of activity-time
budgets to assess population status is
debatable (Garshelis et al. 1990, Estes
19900, Gelatt et al. 2002). Nonetheless, the
collective evidence indicates that sea otters
spend more time feeding as their
populations approach equilibrium.

4. Reproduction. Long-term records from
marked individuals have established that
most adult female sea otters give birth to a
single pup each year (Siniff and Ralls 1991,
Jameson and Johnson 1993). The collective
data, which are not necessarily
representative for the entire population,
indicate that the average birth rate of adult
females is about 0.90 per year, or perhaps
somewhat higher (Riedman ef al. 1994,
Monson et al. 2000). In contrast with most
carnivores and all other lutrine (otter)
species, but consistent with other marine
mammals, except the polar bear, litter size is
typically one (Estes 1989). Twin births
occur rarely, and seldom, if ever, do both
young survive to weaning (Jameson and
Bodkin 1986). Records from tagged
animals also have suggested that females
typically attain sexual maturity after 3 years,
but that weaning success by primiparous
females (females with their first litters) is
relatively low (Riedman ef al. 1994,
Monson et al. 2000). The age of sexual
maturity in males is less well known but
appears to be about 5 years. However, the
age at which males actually first
successfully breed may be somewhat less
than or considerably longer than 5 years,
depending on population status and social
context.

In California, most births occur from late
February to early April. The seasonality is
not highly synchronous, in that births may
occur throughout the year, and the birth
peak may extend over several months (Siniff
and Ralls 1991). The birth peak is
seasonally asynchronous in some parts of
central California (Riedman et al. 1994).

Age-specific reproductive schedules of sea
otters appear to be largely invariant among
subspecific populations. Population growth



or decline is thus a consequence of variation
in age-specific mortality schedules (Estes et
al. 1996, Monson et al. 2000).

5. Mortality. Assessment of sea otter
mortality in recent years is based almost
exclusively on information obtained from
beach-cast carcasses (Estes ef al. 2003).
Two measures are available: 1) the number
of carcasses retrieved, and 2) the cause of
death in fresh carcasses. The number of
carcasses recovered through time shows an
overall pattern that is roughly consistent
with population growth (Figure 6).
However, the relative mortality (measured
by dividing the number of carcasses
retrieved in a given year by the number of
otters counted in the spring survey of that
same year) suggests several departures from
a time-constant relationship (Figure 7).

These data suggest that mortality was
roughly constant at about 5 percent during
the period when the population was growing
(i.e., from about 1985 through 1995) but
was somewhat higher during periods of
apparent decline (i.e., the early 1980s and
from 1996 through 1999).

Postmortem examinations are conducted by
the U.S. Geological Survey’s National
Wildlife Health Center and the California
Department of Fish and Game—Marine
Wildlife Veterinary Care and Research
Center. Records of cause of death are
maintained by the Biological Resources
Division of the U.S. Geological Survey. Net
entanglement is estimated to have caused an
average of 80 deaths per year (Wendell et al.
1985) from at least the mid-1970s to the
early 1980s. Entanglement mortality
appears to have caused the population to
decline during that period because
restrictions on the use of gill and trammel

nets were followed by a resumption of
population growth (Estes 1990a). There is
also evidence that the rate of pre-weaning
mortality in central California is higher than
it is in growing populations in Alaska (Siniff
and Ralls 1991, Riedman et al. 1994,
Monson et al. 2000), perhaps explaining, in
part, the comparatively low growth rate in
the southern sea otter population. However,
the age composition of beach-cast sea otters
in California demonstrates that prime-age
adults also have experienced elevated
mortality rates (Estes et al. 1996).

Three possible explanations for the recently
increased mortality and reduced population
abundance of the southern sea otter have
been suggested: increases in the rate of
infectious disease; incidental losses in
coastal fishing gear; and decreases in food
abundance. It should be recognized that two
or more of these factors may affect the
dynamics of the southern sea otter at a given
time. Because thorough necropsies have
been done on the fresh carcasses since 1992,
it is possible to make a preliminary
evaluation of the disease hypothesis.
Inasmuch as the elevated mortality rate and
declining abundance did not begin until
about 1995, the incidence of mortality
induced by infectious disease also should
have increased concurrently if this factor
were solely responsible for population-level
changes. There is no clear evidence in the
available data for changes in the rate of
infectious disease since 1992. However, it
should be noted that the level of infestation
by acanthocephalan parasites

(Polymorphus spp.) has apparently
undergone a significant increase over the
years (Thomas and Cole 1996). In some
cases such infestation causes infectious
disease(acanthocephalan peritonitis), and it
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Figure 6. Number of beach-cast sea otter carcasses recovered by year from 1968
through 2001. Source: U.S. Geological Survey, unpublished data (2002)
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Figure 7. Relative number of sea otter carcasses retrieved by year. Proportions were
determined by dividing the number of carcasses recovered by the number of otters
counted in the spring surveys (x100). Source: U.S. Geological Survey, unpublished
data (2002).



is possible that the increase in infestation
has also caused increases in disease rates.
Lafferty and Gerber (2002) have shown that
the proportion of the population found dead
on the beach in any given year is positively
correlated with the proportion of carcasses
found to have acanthocephalans, which
gives a preliminary indication that
acanthocephalans may play a role in
mortality trends of southern sea otters.

Two further conclusions can be drawn
concerning the importance of infectious
disease to southern sea otters. The first is
that infectious disease must be an important
factor in causing the slow growth rate of the
southern sea otter population. Because
disease is responsible for roughly 40 percent
of the deaths in animals obtained from the
salvage program, and the reproductive rate
of southern sea otters is comparable to that
of other populations that are growing more
rapidly, it follows that the growth rate of the
California population would be substantially
higher in the absence of disease. However,
the southern sea otter population has never
increased at more than about 5 percent per
year, which implies that during the period of
recovery the magnitude of mortality in
California has never been reduced to the
levels found in other more rapidly growing
sea otter populations. Infectious diseases in
the southern sea otter are almost entirely the
consequence of parasites and microbes for
which the sea otter is not a natural host

(K. Lafferty, U.S. Geological Survey, pers.
comm.).

While coastal pot and set net fisheries are
known to have intensified in recent years,
and there are unconfirmed reports of otters
having been incidentally drowned, sufficient
information to evaluate this potential source
of mortality is not presently available. A

recent analysis of information from the
carcasses recovered during the period 1968-
99 indicates that the mortality rate is
elevated during the summer months, and
that since 1994 the number of carcasses
recovered per year is positively correlated
with fin fish landings in the coastal live trap
fishery (Estes et al. 2003).

6. Community Ecology. Evidence
gathered to date indicates that there are
important interactions between sea otters
and the ecosystems in which they live and
forage. Otter predation reduces many prey
populations, including herbivorous
invertebrates exploited in commercial and
recreational fisheries. Similarly, the
distribution and abundance of food
resources likely have important effects on
the behavior and population status of sea
otters.

The community ecology of sea otters was
discussed by various authors in a volume
edited by VanBlaricom and Estes (1988).
Food web relationships emanating from the
influence of sea otter predation in kelp forest
communities are proving to be complex and
far-ranging (e.g., Irons et al. 1986, Duggins
et al. 1989, Estes et al. 1989, summarized
by Estes 1996), although much of the work
in this area has been done in British
Columbia, Alaska, and Russia. Studies in
Alaska have shown that sea otters have
similarly dramatic and perhaps far-ranging
influences in soft-sediment communities
(Kvitek et al. 1993). Further studies of
community relationships are proposed in
Recovery Task 4.4.



C. Reasons for Listing

The southern sea otter population was listed
as threatened in 1977 because of 1) its small
size and limited distribution, and

2) potential jeopardy to the remaining
habitat and population by oil spills (42 FR
2965, January 14, 1977). A major spill of
oil from a tanker in the waters in the vicinity
of the range of the southern sea otter has
traditionally been considered to be the most
serious potential threat to the species. Since
listing, however, pollution and incidental
take in fisheries have also been recognized
as substantial problems. Given that the sea
otter population in California is currently
not increasing despite the absence of oil
spills, and that populations in western
Alaska are declining precipitously for other
reasons as well, a broader range of threats to
the population must be considered. These
threats include the possibility of recently
introduced disease organisms, mortality
incidental to commercial fishing, and the
adverse effects of pollution on the general
well-being of sea otters. It is also becoming
evident that the sea otter and its coastal
habitat are threatened by events occurring in
adjacent habitats, both on land and in the
open sea (Estes ef al. 1997, 1998, Nakata et
al. 1998).

Petroleum Development Problems. Oil
spills have long been thought to be a major
threat to sea otter populations. Early studies
demonstrated that sea otters are vulnerable
to oil contamination (Kooyman and Costa
1979, Siniff et al. 1982), and concern over
the likelihood of a spill in central California
was a main reason for listing the California
population. Several recent spills, most
notably that of the tanker vessel Exxon
Valdez in Prince William Sound, have led to
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a number of conclusions regarding the
influence of oil spills on sea otters:

1. The expected number of oil spill events
over the next 30 years that are likely to
affect the southern sea otter has been
estimated. For spills greater than 160,000
liters (1,000 barrels) in the vicinity of the
range of the southern sea otter, this estimate
is approximately 6 (see Appendix B).

2. The probability of death in sea otters as a
result of contact with oil following an oil
spill is likely to be no less than 50 percent
(see Appendix C). A minimum estimate of
50 percent mortality following contact has
been reported; however, this estimate is
likely to be lower than actual losses (i.e.,
negatively biased).

3. Rehabilitation of oiled sea otters
following a major spill, where hundreds or
thousands of sea otters have been exposed to
oil, is expensive, may be detrimental to
some individuals, and is of questionable
benefit to the population (Estes 1991, 1998).
In Prince William Sound, most of the oiled
otters were not and could not be captured.
Most of the otters that were heavily oiled
could 